healthcare costs. 1 To date, several different hospital-based strategies have been proposed by infection control personnel and hospital administrators to mitigate the spread and impact of MRSA. Nonetheless, the incidence of MRSA infections remains high in Japan. 2, 3 Methicillin-resistant S. aureus infections typically occur in individuals who are colonized with MRSA. 4 Implementing contact precautions for MRSA carriers is essential for preventing healthcareassociated infections. To implement effective precautions for avoiding MRSA infections, it is important to clarify when, how, and from whom MRSA is transmitted. In other words, early detection of MRSA infections in hospitalized patients is critical. Prior hospital admission is a risk factor for MRSA infection, suggesting that MRSA is acquired during hospitalization. 2, 5 When MRSA is prevalent in hospitals, it can be transmitted by undetected carriers to uninfected patients in the hospital. 6 However,
MRSA transmission rates and routes in the hospital are not completely understood. Multilocus sequence typing (MLST) is useful in clarifying the diversity and epidemiology of MRSA in healthcare settings. 7 The purpose of this study was to evaluate MRSA transmission rates in a hospital, where MRSA infection/colonization density was relatively high and hand hygiene compliance was inadequate. The prevalence of MRSA colonization in patients at the time of hospital admission to and discharge from a medical school hospital in Japan was determined using surveillance cultures.
| MATERIAL S AND ME THODS

| Study setting and design
This study was conducted at Kochi Medical School Hospital, a 605-bed tertiary care general hospital with 13 wards. All patients admitted to one of the 50-bed wards from June 2008 to June 2009 were analyzed. Samples were collected from 157 patients at the time of admission and on the day of discharge. Data from clinical medical records were retrospectively reviewed (Table 1) . Contact precautions were implemented over standard precautions for patients with MRSA.
| Isolation and identification of Staphylococcus aureus and MRSA
After obtaining written informed consent, we used wet (0.85% NaCl) cotton swabs to obtain bilateral anterior cultures of the nares of all participants. These swabs were immediately inoculated in Staphylococcus Medium 110 (Becton Dickinson & Co, Sparks, MD, USA) supplemented with 5% egg yolk (Kyokuto, Tokyo, Japan) and
Trypticase soy agar containing 5% sheep blood (Nippon Becton
Dickinson & Co, Tokyo, Japan). Selective plates were cultured for MRSA for 48 hours at 36°C. Staphylococcus aureus was identified using API Staph (Sysmex-bioMérieux, Tokyo, Japan), and femA and femB gene detection was performed using polymerase chain reaction (PCR). The presence of mecA gene was confirmed using a realtime PCR assay as previously described. 
| Laboratory methods
During the study period, MRSA strains collected from participants were stored and evaluated. DNA extraction and MLST were performed according to the methods described by Enright et al. 7 Sequence types were determined by accessing the MLST website (http://www.mlst.net/). MLST was performed using a 3130 Genetic
Analyzer (Applied Biosystems, Carlsbad, CA, USA).
| Nosocomial transmission events of MRSA
Transmission events in the ward were defined as the transfer of MRSA with the same MLST type from a colonized patient to another patient who was previously negative, hospital stays that overlapped with the stay of a colonized patient, and instances of epidemiological linkage. The linkage was defined as either being a roommate of the index patient in a multibed room or being treated by the same attending doctors.
| Methicillin-resistant Staphylococcus aureus prevalence proportion in the ward
We retrospectively analyzed MRSA isolation data from all patients admitted to the ward. MRSA point prevalence proportion refers to the total number of patients with MRSA divided by the total number of patients admitted to the ward in each month. The MRSA prevalence proportion expresses MRSA transmission pressure in the ward; therefore, we used it as a parameter in this study.
| Hand hygiene practices
Monthly alcohol-based hand rub utilization (volume in mL) was measured during the study period, and the number of times hand hygiene was practiced was calculated from these data.
| Ethical disclosure
The study protocol was approved by the Ethics Committee of Kochi Medical School, and written informed consent was obtained from all participants in this study. 
TA B L E 1 Demographic characteristics of the 157 patients included in this study
| Statistical analysis
Proportions of MRSA colonization were analyzed using the chisquare test.
| RE SULTS
Methicillin-resistant S. aureus colonization was evaluated in 314 samples obtained from 157 patients both at the time of admission to and at the time of discharge from the ward of our hospital. In total, 11 samples from nine patients were positive for MRSA ( Figure 1 ).
MRSA colonization was confirmed in three patients at admission; therefore, the MRSA prevalence proportion on admission was 1.9%.
MRSA remained at discharge in two patients (cases #3 and #6) but disappeared in the third patient (case #8). All three MRSA-positive patients were previously admitted to our hospital. The number of times these patients were admitted to the hospital was 1 (case #3), 2 (case #6), and 2 (case #8).
Six patients (3.8%) (cases #1, #2, #4, #5, #7, and #9) were negative for MRSA colonization at the time of admission; however, they were detected positive for MRSA at discharge (Figure 1 ). Hence, we concluded that they acquired MRSA during hospitalization. Hospital stay lengths for these cases were 4 (case #1), 15 (case #2), 15 (case #4), 35 (case #5), 48 (case #7), and 118 (case #9) days. The mean length of hospital stay in these six patients was 39.2 days; therefore, the MRSA incidence rate was 4.0/1000 patient-days. At discharge, 5.1% of the patients exhibited MRSA colonization; this was significantly higher than the prevalence noted upon admission (P < 0.001).
In total, nine of the 157 (5.7%) patients were positive for MRSA.
Clinical characteristics of these nine patients are summarized in Table 2 . All patients presented at least one risk factor for MRSA colonization. MLST was performed on 11 MRSA isolates obtained from these patients at both admission and discharge ( Figure 1) . Identical (Table 4) .
TA B L E 3 Nosocomial methicillin-resistant Staphylococcus aureus transmission events
We calculated the number of times hand hygiene was practiced on the basis of the number of times alcohol-based hand rubs were utilized. On average, there were 4.0 instances of hand hygiene per patient-day (Table 4 ).
| D ISCUSS I ON
Methicillin-resistant S. aureus transmission events were analyzed by examining surveillance cultures of 157 participants in a tertiary care general hospital in Japan. Results were compared among clinically oriented conventional cultures, MRSA prevalence rates, and hand hygiene compliance data.
Multilocus sequence typing of 11 MRSA isolates was performed to clarify the diversity and epidemiology of MRSA in this healthcare setting. The most frequently detected strain was ST5, accounting for 67% of the isolates; this is consistent with previous findings, with ST5 being the most prevalent clone in Japan. 8 Both ST5 and ST764 strains are closely related and are classified as clonal type CC5, while ST8 is classified as clonal type CC8. Most of the recently isolated healthcare-acquired MRSA (HA-MRSA) isolates in Japan were clonal types CC5 and CC8. 9 These findings suggest that all 11 MRSA isolates were prevalent HA-MRSA strains in Japan and that these patients did not acquire MRSA in community settings.
The MRSA prevalence proportion on admission was 1.9%, and all three MRSA-positive patients were previously admitted to our TA B L E 4 Hand hygiene practices and methicillin-resistant Staphylococcus aureus prevalence proportions hospital, suggesting that previous hospital admission was a risk factor for MRSA infection: this is in agreement with the findings of previous studies. 2, 5 Our results suggest that patients who were colonized with MRSA acquired it during a previous visit to our hospital. The MRSA prevalence proportion in our hospital was 13.3%, which is similar to that reported (19.9%) at other facilities in Japan. 2 The prevalence of MRSA colonization in Japanese hospitals is much higher than that observed in American or European hospitals. 10, 11 In our study, MRSA incidence rate was 4.0/1000 patient-days.
MLST revealed three possible nosocomial transmission routes of MRSA-one case with ST764 strain and two cases with ST5 strainssuggesting that patients who were negative for MRSA at the time of admission acquired nosocomial infections during their respective hospitalizations. The mean number of times hand hygiene was practiced was 4.0 times per patient-day. The hand hygiene compliance rate, which was evaluated using direct observation, was not high during this period. 12 MRSA infections could have occurred due to insufficient infection control practices. Hence, to prevent the transmission of MRSA, quality control practices should be improved by implementing multifaceted interventions, including hand hygiene, contact precautions, and universal decolonization of inpatients. [13] [14] [15] Methicillin-resistant S. aureus colonization was detected on active surveillance cultures prior to being detected on clinically oriented conventional examinations in six of the nine patients, indicating that some MRSA infections were missed during clinically oriented bacterial cultures. 16 Some MRSA infections were transmitted by yet-unknown MRSA colonization. 6 Therefore, active surveillance cultures are an important strategy for elucidating MRSA transmission.
The MRSA prevalence in all patients in the ward was 13.3%, indicating that MRSA transmission pressure was high. Additionally, this proportion (13.3%) was higher than the proportion of MRSA carried 
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